INTRODUCTION
Opaque minerals constitute an important part of the basalts under study. Analysis of opaque minerals can provide a fuller understanding of some processes during congelation of basalts, as well as on the peculiarities of low-temperature alteration of basalts. Although this investigation is limited to consideration of 27 specimens (Table 1) , its results reflect main features of the ore mineralogy at Sites 417 and 418.
The assemblages of opaque minerals in basalts, the composition of individual minerals, and their grain sizes depend chiefly on two factors: (1) the rate of cooling which determines the grain size of rock-forming and opaque minerals, and the texture of the rocks; and (2) the degree of secondary alteration. There is distinct correlation between degree of alteration and grain size. The coarser grained basalts are found in fresher rocks; fine-grained basalts usually are quite altered. The primary and secondary opaque mineral assemblages distribution also depends upon this regularity.
We have found the following primary opaque minerals in basalts: titanomagnetite, ilmenite, chromite, pyrrhotite, chalcopyrite, and pentlandite. The most widespread secondary opaque mineral is pyrite. Chalcopyrite, marcasite, and iron hydroxides were also noted.
We have observed primary sulfides only in less-altered coarse-grained basalts (Samples 417D-69-1, 142 cm and 418A-85-1, 33 cm); altered basalts contain only pyrite and chalcopyrite.
PRIMARY OPAQUE MINERALS

Titanomagnetite
Titaniferous magnetite is the most widespread opaque mineral in the basalts studied. The groundmass of basalts (predominately fine-grained with plagioclase, olivine, and pyroxene phenocrysts) contains numerous, very small (20 to 50 µm) skeletal magnetite crystals (Plate 1, Figures 1 and 2). One can see the delicate form of these crystals at great magnifications. Very minute grains (<l µm) of magnetite are present adjacent to these skeletal crystals (Plate 1, Figure 2 ). Magnetite phenocrysts are very rare in the basalts and occur in small euhedral grains up to 100 µm.
These correlations suggest that the precipitation of magnetite from basalt melt began simultaneously with the formation of silicate phenocrysts and ended with consolidation of the groundmass. Minute magnetite grains, ranging in size from 1 to 7 mm, occur in coarse-grained basalts, too. They are located in interstitial fine-grained mesostasis between coarse grains of plagioclase, pyroxene, olivine, and magnetite (Plate 1, Figure 3) . Rounded, elongated, locally euhedral forms of these fine grains of magnetite are observable under magnification (Plate 1, Figure 4 ).
Fine-grained skeletal magnetite grains frequently form crescentic fillings around small vesicles (Plate 2, Figure la, b) possibly due to a flotation effect. The meniscus of such fillings have the same orientation in thin section, giving evidence of their origin in liquid groundmass.
Larger (1 mm and more) euhedral magnetite grains are characteristic for coarse-grained basalts (Samples 417D-67-7, 74 cm; 417D-69-1, 142 cm; 418A-79-1, 113 cm; and 418A-85-1, 33 cm). They occur preferentially along the grain boundaries of plagioclase and pyroxene (Plate 2, Figure 2) . The biggest magnetite grains, which sometimes are located in mesostasis, have skeletal forms (Plate 2, Figure  3 ) and contain inclusions of solidificated residual basalt melt. Smaller skeletal magnetite crystals, with minute (~l µm) sulfide globules adhered (Plate 2, Figure 4 ), are also found in the mesostasis.
The optic investigation of the coarse-grained magnetite at magnifications of 500 to lOOO× shows that there are lamellar ilmenite intergrowths, sometimes up to 5 to 7 µm across (Plate 3, Figure 1 ). Thicker ilmenite plates are rare (Plate 3, Figure 2 ). Most commonly, the width of the plates does not exceed 1 to 2 µm (Plate 3, Figure 3 ).
Investigators of Mid-Atlantic Ridge (MAR) basalts recovered during DSDP Leg 37 (Wayman and Evans, 1977; Hall and Fisher, 1977) have pointed out the lack of ilmenite in the magnetites, when compared to terrestrial basalts with ilmenite-magnetite intergrowths. Wayman and Evans (1977) have not found any compositional inhomogeneity in dendritic magnetite grains, even at 10,000× magnification under an electron microscope, and have concluded that the lack of ilmenite in submarine basalts results from the characteristics of their cooling and oxidation. Earlier studies of dredged MAR basalts (Carmichael, 1970) have shown, however, that coarse-grained varieties usually contain magnetite-ilmenite intergrowths and even separate ilmenite grains.
We have determined the composition of titanomagnetites, as well as other opaque minerals, by means of electron microprobe analysis. Microprobe analysis results for both fine skeletal and large titanomagnetite grains without optically visible ilmenite inclusions are given in Table 2 . Abnormal sums and rather high Siθ2, AI2O3, and MgO contents in minute skeletal magnetites appear to be connected with the capture of adjacent silicates by the microprobe. Coarse grains of titanomagnetite, locally with ilmenite lamellae. c One globule (40 µm) in phenocryst of plagioclase.
Rare inclusions in phenocrysts of plagioclase. j;Rare, minute (1 to 5 µm) globules in the mesostasis.
Intergrowth of chalcopyrite and pyrrhotite in a coarse grain of plagioclase.
We recalculated total iron in the titanomagnetite and ilmenite analyses using the techniques described by Carmichael (1967) .
The distinct feature of all titanomagnetites studied is high ulvospinel content. This conclusion is supported by X-ray investigation. Unit cell size obtained, a = 8.47Å, is close to the ulvospinel unit cell.
A very thin inclusion in a magnetite grain of Sample 417D-69-1, 142 cm was found during the microprobe analyses. It consists of the following: FeO (total) = 8.55, TiO 2 = 63.0, G-2O3 = 0.97, MgO = 4.05, MnO = 0.1, SiO 2 = 9.4, AI2O3 = 2.0, and V2O5 = 1.1, for a total of 89.14 weight per cent.
Ilmenite
We observed ilmenite only in coarse-grained basalts. It occurs as lamellar inclusions in titanomagnetite grains (Plate 3, Figures 1 to 3). Minute separate grains of ilmenite are found by microprobe investigation in the fine-grained interstitial mesostasis of the basalts.
We determined the composition of the lamellar ilmenites and the titanomagnetite matrix. The microprobe analyses of four co-existing titanomagnetite-ilmenite pairs are given in Table 3 . Mole percents of ulvospinel in magnetite and R2O3 = Fe2θ3 + V2O3 + G2O3 + AI2O3 in ilmenite also are listed in Table 3 . Minor element distribution within these co-existing pairs shows that titanomagnetite contains more vanadium and aluminum, and less magnesium in comparison with ilmenite.
Experimental data (Buddington and Lindsley, 1964) give an opportunity to evaluate temperature and oxygen fugacity in equilibrium in magnetite-ilmenite pairs. These values, obtained from the Buddington and Lindsley diagram as well as data from the corrected diagram (Poltavets, 1975) , are provided in Table 3 . Titanomagnetite exsolution in coarsegrained basalts confirms lower rates of cooling as compared to basalts with fine-grained groundmass. Lack of exsolution phenomena in the skeletal magnetite crystals found in interstitial mesostasis of the coarse-grained basalts (Plate 2, Fig- ure 4) indicates that their formation was later than the crystallization of larger magnetite grains and that the temperature of fine-grained skeletal magnetite crystallization was equal to exsolution temperature of the coarse magnetite grains.
Chromite
Chromium spinel is not a rare mineral of the basalts discussed; rather, it is abundant, especially in Unit 6b of Hole 418A (see Site 418 Report, this volume). It occurs there not only as minute inclusions, but also as rare small phenocrysts. However, in the specimens studied here (Table 1) , we found it only in the coarse-grained aphyric basalt (Sample 418A-85-1, 33 cm). There were only five minute spinel grains in the entire polished section, and all were located in two neighboring, partly altered olivine phenocrysts (Plate 3, Figure 4 ). The spinel grains are included in smectite pseudomorphs after olivine and have different shapes and sizes. One of them (Plate 3, Figure 4 , Grain 1) is angular with dimensions of 50 by 100 yam. The other spinel grains are rounded and about 40 µm across; some include very fine, rounded silicate grains.
Microprobe analyses of four of the spinel grains (Table 4 ) have demonstrated significant differences in their composition. Three types can be distinguished by Fe-Al-Mg relations. The first type (identified as Grain 1) has high FeO + Fe2θ3 and low AI2O3 and MgO contents. Another type is noted for low iron and high alumina and magnesia contents (Grain 4). The third type is intermediate (Grains 2 and 3) . We found no composition zonality in the grains, as opposed to the zonal spinels from basalts and peridotites recovered in Leg 37 (Sigurdsson, 1977) .
Chemical distinctions of the neighboring spinel grains indicate that there was a time sequence in their crystalliza- tion. The angular chromite grains seem to be formed later than the others, at increasing oxygen fugacity in the melt. However, the data are insufficient for well-founded conclusions.
Comparison between spinel compositions determined here and spinels of MAR basalts, gabbros, and peridotites (Sigurdsson, 1977; Clarke and Loubat, 1977; Symes et al., 1977) is given in the Fe 3+ /Fe 3+ + Cr + Al versus Mg/Mg + Fe 2+ diagram (Figure 1 ). Significant differences between them are accountable by the fact that the composition field of the spinels from lavas and peridotites of Leg 37 is within the spinel field from alpine peridotites, while only Grain 4 from Sample 418A-85-1, 33 cm is within the spinel field. Compositions of Grains 2 and 3 are in the spinel field from Bushveld and StUlwater stratiform intrusives. Compositions of Grain 1 are outside even the last field. Mg/Mg + Fe 2+ values in olivines of Sample 418A-85-1, 33 cm vary from 0.83 to 0.89. Our olivine-chromite pairs fell within the Stillwater field in the Fe 2+ versus Mg distribution diagram (Sigurdsson, 1977) distal from the MAR basalts field.
Su Hides
Primary sulfide aggregates consisting mainly of pyrrhotite with subordinate chalcopyrite, cubanite, and minor to rare pentlandite occur almost exclusively in fresher coarsegrained basalts (Samples 417D-69-1, 142 cm and 418A-85-1, 33 cm). It is important to note the following features of these sulfides. 1) Globular or ellipsoidal forms, from 10 to 100 µm across, are very characteristic (Plate 4, Figures 1 and 2) .
2) Sulfide globules are found predominately in finegrained interstitial mesostasis located between coarse grains of plagioclase, clinopyroxene, and olivine (Plate 4, Figure  1 ).
3) Primary sulfide aggregates are subordinate to titanomagnetite aggregates (Plate 4, Figure 3 ). There are semispheric growths of sulfides on titanomagnetite grains (Plate (Sigurdsson, 1977) , II -from Leg 37 peridotites (Sigurdsson, 1977) , HI -from alpine peridotites (Irvine, 1967) , IV -from the Stillwater and Bushveld layered igneous complexes (Irvine, 1967) . Figure 4 ), indicating later formation of sulfides in comparison with coarse magnetite grains. 4) Sulfide aggregates contain minute inclusions of basalt glass.
5) Sulfide aggregates occur as intergrowths of different sulfide minerals and as homogeneous masses.
In addition to the sulfides found in Samples 417D-69-1, 142 cm and 418A-85-1, 33 cm, primary sulfides have been found as minute spherical pyrrhotite and pyrrhotitechalcopyrite inclusions in plagioclase phenocrysts 74 cm; 136 cm; 60 cm) . Primary sulfides in the studied samples of basalts with fine-grained groundmass are usually absent, unlike the widespread distribution of sulfide globules in the Leg 37 basalts (Hall and Fisher, 1977) . This scarcity seems to be connected with the more intensive alteration of the Leg 51-53 fine-grained basalts.
Pyrrhotite
The mineral is distributed mostly in homogeneous globules. Some of them contain very small flame-like or lamellar inclusions of pentlandite seen only at great magnifications (Plate 4, Figure 2 ). Pyrrhotite-chalcopyrite intergrowths also occur. Chalcopyrite usually forms rims around pyrrhotite globules, but sometimes is the predominant phase with small inclusions of pyrrhotite.
The compositions of the pyrrhotite grains are notable for their high sulfur contents and rather low concentrations, up to 0.1 per cent of copper and up to 0.6 per cent of nickel (Table 5 ). High sulfur contents are borne out by X-ray powder diagrams which give a very small values for the dio2 reflections (2.060Å). The pyrrhotite grains display monoclinic symmetry that was initially confirmed by magnetic suspension.
Chalcopyrite
This mineral occurs much less frequently than pyrrhotite. It occurs in intergrowth with pyrrhotite or in homogeneous grains. The homogeneous grains are sometimes euhedral, as opposed to pyrrhotite, and contain very small inclusions of a silicate mineral. Unlike pyrrhotite, the chalcopyrite varies significantly in composition (Table 5) . Chalcopyrite from intergrowths with pyrrhotite has a constant composition similar to most common chalcopyrite. Copper content in it is not less than 31 per cent (recalculated to 100%); nickel concentration does not exceed 1 per cent, and its iron content is rather high, 32 to 33 per cent.
A second, rarer group of Cu-Fe-sulfides was discovered during microprobe investigations. Their composition is similar to cubanite. Results of the analyses of three cubanite grains (Table 5 , Analyses 21 to 25) indicate much higher Ni-content than in chalcopyrite. Two of the cubanite grains have compositional homogeneity (Analyses 21 and 25), while the third is rather variable (Analyses 22 to 24). High copper (15.5 to 25.2%) and nickel (6.4 to 12.5%) content is found in a grain of Cu-Ni-sulfide in Sample 417D-69-1, 142 cm (Table 5 , Analyses 12 to 15). These compositions appear to be Ni-rich intermediate solid solutions.
Pentlandite
The mineral forms very small (~l µm), flame-like lamellar inclusions in pyrrhotite grains (Plate 4, Figure 2 ). We were unable to conduct microprobe analyses of pentlandite because of its small size, but the diagnosis is fully predictable. Some globules contain all three sulfide minerals: pyrrhotite, calcopyrite, and pentlandite.
Compositions of primary sulfides from oceanic basalts have significant differences according to various researchers (e.g., Czamanske and Moore, 1977; MacLean, 1977a, b) . Distinctions in iron sulfide compositions are especially notable. Basaltic glass from the FAMOUS area contains monosulfide solid solution minerals (Czamanske and Moore, 1977) with low sulfur content (36 to 37%), and high Ni (3.4 to 17.1%) and Cu (0.55 to 2.73%). Mathez (1976) has described similar monosulfide solid solution minerals from Pacific basalt glass. Pyrrhotite with high sulfur content (not less than 39%), and low Ni (0 to 1.5%) and Cu (0 to 0.2%), occurs in glass and fine-grained basalts of Leg 37 (MacLean, 1977a, b) . There are also differences in 
SECONDARY OPAQUE MINERALS Pyrite
This, the most widespread of all sulfide minerals, develops with other alteration products in basalts. Pyrite forms predominantly homogeneous grains or aggregates, but locally occurs with marcasite and chalcopyrite in intergrowths. One can observe it in fine-grained basalt groundmass as small irregular distributed aggregates or, less frequently, as rather coarse grains (Plate 5, Figure 1 ) up to 1 mm across. Fine pyrite veinlets cut the groundmass and plagioclase or pyroxene phenocrysts (Plate 5, Figure 2) . Its vesicle rims, filled with calcite (Plate 5, Figure 3) or smectite, are characteristic. Pyrite also replaces quartz in vesicles filled with calcite and surrounded with quartz rims (Plate 5, Figure 4) . The mineral seems to be one of the latest hydrothermal alteration products and is a common product of halmyrolysis. Compositions of studied pyrites are similar to the pyrites described by MacLean (1977) 
Marcasite
The mineral occurs much less often than pyrite, and forms growths with it. These growths are composed of minute grain aggregates. The grain texture of marcasite is demonstrated at crossed nicols due to anisotropy of the mineral.
Chalcopyrite
Secondary chalcopyrite occurs in altered basalts in close assemblages with pyrite, but in lesser quantities. It forms locally minute inclusions and growths with pyrite in basalt groundmass. Rare, larger aggregates of pyrite and chalcopyrite replace silicate minerals giving pseudomorphs (Plate 6, Figure 2 ). Chalcopyrite also occurs in thin rims around vesicles with calcite fillings (Plate 6, Figure 3 Figures 4b, c) demonstrate nickelenrichment in its periphery similar to the pyrite grains. This enrichment seems to be caused by nickel extraction from rock-forming silicates during their interaction with solutions during alteration.
Iron Hydroxides
Found in Sample 417D-49-2, 82 cm, iron hydroxide aggregates are located in a celadonite veinlet as a chain of grains (Plate 7, Figure 1 ). In addition, they form pseudomorphs after parts of celadonite grains in basalt groundmass (Plate 7, Figure 2) . Composition of the hydroxide from the veinlet is similar to the mineral composition from the groundmass (Table 6 ). Both analyses demonstrate a notable admixture of silica. CONCLUSIONS 1. We have studied opaque minerals in 27 specimens of basalts recovered in Holes 417D and 418A. The most widespread primary ore mineral is titanomagnetite. There are also ilmenite, chromite, and sulfide globules occurring 4. Compositions of the sulfide globules (consisting of monoclinic pyrrhotite, chalcopyrite, cubanite, and pentlandite) alongside coexisting titanomagnetite-ilmenite intergrowths and are indicative of rather slow cooling of the coarse-grained basalts containing them. Subsolidus conversions and re-equilibration-inducing exsolution of monosulfide and intermediate solid solution minerals and titanomagnetite took place in the rocks.
5. The latest hydrothermal and halmyrolysis alterations, performed intensively (especially in basalts with finegrained groundmass), lead to formation of widespread pyrite mineralization.PLATE 1 Figure 1 Minute skeletal grains of titanomagnetite (white). Sample 417D-49-2, 82cm. Table 4 are marked with arabic numerals. Sample 418A-85-1, 33 cm. 
